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study at low and medium reaction temperatures of syngas production by methane 
reforming with carbon dioxide over silica and alumina supported catalysts. Applied 
Catalysis A: General, 170(1), 177–187.  
Ferreira-Aparicio, P., Márquez-Alvarez, C., Rodrı́guez-Ramos, I., Schuurman, Y., 
Guerrero-Ruiz, A., & Mirodatos, C. (1999). A transient kinetic study of the carbon 
dioxide reforming of methane over supported Ru catalysts. Journal of Catalysis, 
184(1), 202–212.  
Ferreira-Aparicio, P., Rodrı́guez-Ramos, I., Anderson, J. ., & Guerrero-Ruiz, A. (2000). 
Mechanistic aspects of the dry reforming of methane over ruthenium catalysts. 
Applied Catalysis A: General, 202(2), 183–196.  
Firouzi, A., Atef, F., Oertli, A. G., Stucky, G. D., & Chmelka,  and B. F. (1997). 
Alkaline Lyotropic Silicate−Surfactant Liquid Crystals. Journal of the American 
Chemical Society, 119(15), 3596–3610.  
Fisher, F., & Tropsch, H. (1928). Conversion of methane into hydrogen and carbon 
monoxide, Brennst.-Chem. 9, 39. 
146 
Flynn, P. C., & Wanke, S. E. (1975). Experimental studies of sintering of supported 
platinum catalysts. Journal of Catalysis, 37(3), 432–448.  
Föger, K., & Ahmed, K. (2005). Catalysis in high-temperature fuel cells. Journal of 
Physical Chemistry B, 109(6), 2149–2154.  
Fogler, H. S. (2006). Elements of Chemical Reaction Engineering. 4
th
 ed. Upper Saddle 
River, NJ, USA: Pearson Education. 
Foo, K. Y., & Hameed, B. H. (2010). Insights into the modeling of adsorption isotherm 
systems. Chemical Engineering Journal, 156(1), 2–10.  
Foo, S. Y. (2012). Oxidative Dry Reforming of Methane over Alumina-Supported Co-Ni 
Catalyst Systems. PhD Thesis. University of New South Wales Sydney, Australia. 
Foo, S. Y., Cheng, C. K., Nguyen, T. H., & Adesina, A. A. (2011a). Evaluation of 
lanthanide-group promoters on Co-Ni/Al2O3 catalysts for CH4 dry reforming. 
Journal of Molecular Catalysis A: Chemical, 344(1–2), 28–36. 
Foo, S. Y., Cheng, C. K., Nguyen, T.-H., & Adesina, A. A. (2011b). Kinetic study of 
methane CO2 reforming on Co–Ni/Al2O3 and Ce–Co–Ni/Al2O3 catalysts. Catalysis 
Today, 164(1), 221–226.  
Foo, S. Y., Cheng, C. K., Nguyen, T.-H., Kennedy, E. M., Dlugogorski, B. Z., & 
Adesina, A. A. (2012). Carbon deposition and gasification kinetics of used 
lanthanide-promoted Co-Ni/Al2O3 catalysts from CH4 dry reforming. Catalysis 
Communications, 26, 183–188.  
Forzatti, P., & Lietti, L. (1999). Catalyst deactivation. Catalysis Today, 52(2–3), 165–
181.  
Fulvio, P. F., Pikus, S., & Jaroniec, M. (2005a). Short-time synthesis of SBA-15 using 
various silica sources. Journal of Colloid and Interface Science, 287(2), 717–720.  
Fulvio, P. F., Pikus, S., & Jaroniec, M. (2005b). Tailoring properties of SBA-15 
materials by controlling conditions of hydrothermal synthesis. Journal of 
Materials Chemistry, 15(47), 5049.  
Galarneau, A., Cambon, H., Di Renzo, F., & Fajula, F. (2001). True microporosity and 
surface area of mesoporous SBA-15 silicas as a function of synthesis temperature. 
Langmuir, 17(26), 8328–8335.  
Gallis, K. W. K., & Landry, C. C. C. (1997). Synthesis of MCM-48 by a phase 
transformation process. Chemistry of Materials, 9(10), 2035–2038. 
 
147 
Gao, J., Guo, J., Liang, D., Hou, Z., Fei, J., & Zheng, X. (2008). Production of syngas 
via autothermal reforming of methane in a fluidized-bed reactor over the combined 
CeO2-ZrO2/SiO2 supported Ni catalysts. International Journal of Hydrogen 
Energy, 33(20), 5493–5500.  
García-Diéguez, M., Finocchio, E., Larrubia, M. Á. A., Alemany, L. J., & Busca, G. 
(2010a). Characterization of alumina-supported Pt, Ni and PtNi alloy catalysts for 
the dry reforming of methane. Journal of Catalysis, 274(1), 11–20. article.  
García-Diéguez, M., Pieta, I. S., Herrera, M. C., Larrubia, M. A., & Alemany, L. J. 
(2010b). Improved Pt-Ni nanocatalysts for dry reforming of methane. Applied 
Catalysis A: General, 377(1–2), 191–199.  
Gates, B. D., Xu, Q., Stewart, M., Ryan, D., Willson, C. G., & Whitesides, G. M. 
(2005). New approaches to nanofabrication: Molding, printing, and other 
techniques. Chemical Reviews, 105(4), 1171–1196. 
Ghelamallah, M., & Granger, P. (2014). Supported-induced effect on the catalytic 
properties of Rh and Pt-Rh particles deposited on La2O3 and mixed α-Al2O3-La2O3 
in the dry reforming of methane. Applied Catalysis A: General, 485, 172–180.  
Giebeler, L., Kießling, D., & Wendt, G. (2007). LaMnO3 perovskite supported noble 
metal catalysts for the total oxidation of methane. Chemical Engineering and 
Technology, 30(7), 889–894.  
Ginsburg, J. M., Piña, J., El Solh, T., & De Lasa, H. I. (2005). Coke formation over a 
nickel catalyst under methane dry reforming conditions: Thermodynamic and 
kinetic models. Industrial and Engineering Chemistry Research, 44(14), 4846–
4854.  
Gokon, N., Osawa, Y., Nakazawa, D., & Kodama, T. (2009). Kinetics of CO2 
reforming of methane by catalytically activated metallic foam absorber for solar 
receiver-reactors. International Journal of Hydrogen Energy, 34(4), 1787–1800.  
Gonzalez-DelaCruz, V. M., Holgado, J. P., Pereñíguez, R., & Caballero, A. (2008). 
Morphology changes induced by strong metal–support interaction on a Ni–ceria 
catalytic system. Journal of Catalysis, 257(2), 307–314.  
Goula, M. A., Lemonidou, A. A., & Efstathiou, A. M. (1996). Characterization of 
carbonaceous species formed during reforming of CH4 with CO2 over Ni/CaO-
Al2O3 catalysts studied by various transient techniques. Journal of Catalysis, 
161(2), 626–640. 
Grant, P. G., & Phillips, T. D. (1998). Isothermal adsorption of Aflatoxin B1 on HSCAS 
clay. J. Agric. Food Chem., 46(97), 599–605. 
 
148 
Gregg, S. J., & Sing, K. S. W. (1982). Adsorption, surface area and porosity. 2
nd
 ed. 
New York, USA: Academic Press, Inc. 
Haber, J. (1991). Manual on catalyst characterization (Recommendations 1991). Pure 
and Applied Chemistry, 63(9), 1227-1246. 
Haber, J. Block, J. H., & Delmon, B. (1995). Manual of methods and procedures for 
catalyst characterization (Technical report). Pure and Applied Chemistry, 67(8-9), 
1257–1306. 
Harrison, E. F., Minnis, P., Barkstrom, B. R., Ramanathan, V., Cess, R. D., & Gibson, 
G. G. (1990). Seasonal Variation of Cloud Radiative Forcing Derived From the 
Earth Radiation Budget Experiment. Journal of Geophysical Research, 95703(20), 
687–18. 
Hoffmann, F., & Fröba, M. (2011). Vitalising porous inorganic silica networks with 
organic functions—PMOs and related hybrid materials. Chem. Soc. Rev., 40(2), 
608–620.  
Horváth, A., Stefler, G., Geszti, O., Kienneman, A., Pietraszek, A., & Guczi, L. (2011). 
Methane dry reforming with CO2 on CeZr-oxide supported Ni, NiRh and NiCo 
catalysts prepared by sol-gel technique: Relationship between activity and coke 
formation. Catalysis Today, 169(1), 102–111.  
Hou, Z., Chen, P., Fang, H., Zheng, X., & Yashima, T. (2006). Production of synthesis 
gas via methane reforming with CO2 on noble metals and small amount of noble-
(Rh-) promoted Ni catalysts. International Journal of Hydrogen Energy, 31(5), 
555–561.  
Hou, Z., & Yashima, T. (2003). Small amounts of Rh-promoted Ni catalysts for 
methane reforming with CO2. Catalysis Letters, 89(3–4), 193–197. 
Hu, Y. H. (2010). Advances in catalysts for CO2 reforming of methane. ACS 
Symposium Series, 1056, 155–174. 
Hu, Y. H., & Ruckenstein, E. (1996). An optimum NiO content in the CO2 reforming of 
CH4 with NiO/MgO solid solution catalysts. Catalysis Letters, 36, 145–149. 
Hubbard, A. T. (1995). The Handbook of surface imaging and visualization. CRC 
Press. 
Huber, G. W. (2003). Raney Ni-Sn Catalyst for H2 Production from Biomass-Derived 
Hydrocarbons. Science, 300(5628), 2075–2077.  
 
149 
Hunter, H. M. A., & Wright, P. A. (2001). Synthesis and characterisation of the 
mesoporous silicate SBA-2 and its performance as an acid catalyst. Microporous 
and Mesoporous Materials, 43(3), 361–373.  
Huo, Q., Margolese, D. I., Ciesla, U., Demuth, D. G., Feng, P., Gier, T. E., Sieger, P., 
Firouzi, A., & Chmelka, B. F. (1994). Organization of organic molecules with 
inorganic molecular species into nanocomposite biphase arrays. Chemistry of 
Materials, 6(8), 1176–1191.  
Huo, Q., Margolese, D. I., & Stucky, G. D. (1996). Surfactant control of phases in the 
synthesis of mesoporous silica-based materials. Chemistry of Materials, 8(5), 
1147–1160.  
Iacono, M. J., Delamere, J. S., Mlawer, E. J., Shephard, M. W., Clough, S. A., & 
Collins, W. D. (2008). Radiative forcing by long-lived greenhouse gases: 
Calculations with the AER radiative transfer models. Journal of Geophysical 
Research Atmospheres, 113(13), 2–9. 
Ibrahim, H. G., Alshuiref, A. A., Maraie, A. A., & Abushaina, A. A. (2016). Radial heat 
transport in packed beds-III : Correlations of effective transport parameters at high 
pressure. International Journal of Engineering Science Invention, 5(5), 77–83. 
Ilinich, G. N., Startseva, L. Y., Semikolenov, V. A., Likholobov, V. A., & Yermakov, 
Y. I. (1986). Influence of alkaline and acidic promoters on the catalytic properties 
of metallic palladium and rhodium in CO hydrogenation. Reaction Kinetics and 
Catalysis Letters, 31, 55–60.  
Imperor-Clerc, M., Davidson, P., & Davidson,  A. (2000). Existence of a microporous 
corona around the mesopores of silica-based SBA-15 materials templated by 
triblock copolymers. Journal of the American Chemical Society, 122(48), 11925–
11933.  
Innocenzi, P. (2003). Infrared spectroscopy of sol-gel derived silica-based films: A 
spectra-microstructure overview. Journal of Non-Crystalline Solids, 316(2–3), 
309–319.  
Jabbour, K., El Hassan, N., Casale, S., Estephane, J., & El Zakhem, H. (2014). 
Promotional effect of Ru on the activity and stability of Co/SBA-15 catalysts in 
dry reforming of methane. International Journal of Hydrogen Energy, 39(15), 
7780–7787.  
Jain, A. K., Briegleb, B. P., Minschwaner, K., & Wuebbles, D. J. (2000). Radiative 
forcings and global warming potentials of 39 greenhouse gases. Journal of 
Geophysical Research-Atmospheres, 105(D16), 20773–20790. 
JCPDS Powder Diffraction File. (2000). International Centre for Diffraction Data. 
Swarthmore, PA.  
150 
Ji, C., Gong, L., Zhang, J., & Shi, K. (2003). A study on the kinetics of the catalytic 
reforming reaction of CH4 with CO2: Determination of the reaction order. Journal 
of Natural Gas Chemistry, 12(3), 201–204. 
Joo, O.-S., & Jung, K.-D. (2002). CH4 dry reforming on alumina-supported nickel 
catalyst. Bulletin of the Korean Chemical Society, 23(8), 1149–1153. 
Kahle, L. C. S., Roussière, T., Maier, L., Herrera Delgado, K., Wasserschaff, G., 
Schunk, S. A., & Deutschmann, O. (2013). Methane dry reforming at high 
temperature and elevated pressure: Impact of gas-phase reactions. Industrial and 
Engineering Chemistry Research, 52(34), 11920–11930.  
Kaneda, M., Tsubakiyama, T., Carlsson, A., Sakamoto, Y., Ohsuna, T., Terasaki, O., 
Joo, S. H., & Ryoo, R. (2002). Structural study of mesoporous MCM-48 and 
carbon networks synthesized in the spaces of MCM-48 by electron 
crystallography. Journal of Physical Chemistry B, 106(6), 1256–1266.  
Kathiraser, Y., Oemar, U., Saw, E. T., Li, Z., & Kawi, S. (2015). Kinetic and 
mechanistic aspects for CO2 reforming of methane over Ni based catalysts. 
Chemical Engineering Journal, 278, 62–78.  
Kehres, J., Jakobsen, J. G., Andreasen, J. W., Wagner, J. B., Liu, H., Molenbroek, A., 
Sehested, J., Chorkendorff, I., & Vegge, T. (2012). Dynamical properties of a 
Ru/MgAl2O4 catalyst during reduction and dry methane reforming. Journal of 
Physical Chemistry C, 116(40), 21407–21415.  
Kim, H. D., Kim, Y. S., Han, S. W., Cho, K. Y., Jeong, M., Park, J. E., & Kim, D. Y. 
(2015). The catalytic stability of TiO2-shell/Ni-core catalysts for CO2 reforming of 
CH4. Applied Catalysis A: General, 495, 184–191.  
Kim, J. M., & Ryoo, R. (1998). Synthesis of MCM-48 single crystals. Chemical 
Communications, 1, 259–260.  
Kim, J.-H., Suh, D. J., Park, T.-J., & Kim, K.-L. (2000). Effect of metal particle size on 
coking during CO2 reforming of CH4 over Ni–alumina aerogel catalysts. Applied 
Catalysis A: General, 197(2), 191–200. 
Kim, M. J., & Ryoo R. (1999). Synthesis and pore size control of cubic mesoporous 
silica SBA-1. Chemistry of Materials, 11(2), 487–491.  
Kintisch, E. (2007). Report backs more projects to sequester CO2 from coal. Science, 
315, 1481-1481. 
Klaewkla, R., Arend, M., & Hoelderich, W. F. (2011). A review of mass transfer 
controlling the reaction rate in heterogeneous catalytic systems, Mass transfer-
Advanced aspects. InTech Open Access Publisher.  
151 
Kluksdahl, H. E. (1968). Reforming a sulfur-free naphtha with a platinum-rhenium 
catalyst. U.S. Patent No. 3,415,737. Washington, DC: U.S. Patent and Trademark 
Office. 
Knözinger, H., Schüth, F., & Weitkamp, J. (2008). Handbook of heterogeneous 
catalysis: 8 volumes. G. Ertl, (Ed.). wiley-vch. 
Koh, A. C. W., Chen, L., Kee Leong, W., Johnson, B. F. G., Khimyak, T., & Lin, J. 
(2007). Hydrogen or synthesis gas production via the partial oxidation of methane 
over supported nickel-cobalt catalysts. International Journal of Hydrogen Energy, 
32(6), 725–730.  
Koike, M., Li, D., Nakagawa, Y., & Tomishige, K. (2012). A highly active and coke-
resistant steam reforming catalyst comprising uniform nickel-iron alloy 
nanoparticles. ChemSusChem, 5(12), 2312–2314. 
Kresge, C. T., & Roth, W. J. (2013). The discovery of mesoporous molecular sieves 
from the twenty year perspective. Chemical Society Reviews, 42(9), 3663–70.  
Kroll, V. C. H., Swaan, H. M., & Mirodatos, C. (1996). Methane reforming reaction 
with carbon dioxide over Ni/SiO2 catalyst. Journal of Catalysis, 161(1), 409–422.   
Kumar, P., Sun, Y., & Idem, R. O. (2008). Comparative study of Ni-based mixed oxide 
catalyst for carbon dioxide reforming of methane. Energy & Fuels, 22(6), 3575–
3582.  
Lal, R. (2008). Carbon sequestration. Phil. Trans. R. Soc, 363(1492), 815–30.  
Łaniecki, M., Małecka-Grycz, M., & Domka, F. (2000). Water–gas shift reaction over 
sulfided molybdenum catalysts. Applied Catalysis A: General, 196(2), 293–303.  
Laosiripojana, N., Assabumrungrat, S., Laosiripojana, Assabumrungrat, Laosiripojana, 
N., & Assabumrungrat, S. (2005). Catalytic dry reforming of methane over high 
surface area ceria. Applied Catalysis B: Environmental, 60(1–2), 107–116.  
Lavoie, J.M. (2014). Review on dry reforming of methane, a potentially more 
environmentally-friendly approach to the increasing natural gas exploitation. 
Frontiers in Chemistry, 2.  
Leofanti, G., Padovan, M., Tozzola, G., & Venturelli, B. (1998). Surface area and pore 
texture of catalysts. Catalysis Today, 41(1–3), 207–219.  
Li, D., Nakagawa, Y., & Tomishige, K. (2011a). Methane reforming to synthesis gas 
over Ni catalysts modified with noble metals. Applied Catalysis A: General, 
408(1–2), 1–24.  
152 
Li, D., Zeng, L., Li, X., Wang, X., Ma, H., Assabumrungrat, S., & Gong, J. (2015a). 
Ceria-promoted Ni/SBA-15 catalysts for ethanol steam reforming with enhanced 
activity and resistance to deactivation. Applied Catalysis B: Environmental, 176–
177, 532–541.  
Li, H., Ren, J., Qin, X., Qin, Z., Lin, J., & Li, Z. (2015c). Ni/SBA-15 catalysts for CO 
methanation: effects of V, Ce, and Zr promoters. RSC Advances, 5(117), 96504-
96517. 
Li, H., Xu, H., & Wang, J. (2011b). Methane reforming with CO2 to syngas over CeO2-
promoted Ni/Al2O3-ZrO2 catalysts prepared via a direct sol-gel process. Journal of 
Natural Gas Chemistry, 20(1), 1–8. 
Li, J. F., Xia, C., Au, C. T., & Liu, B. S. (2014). Y2O3-promoted NiO/SBA-15 catalysts 
highly active for CO2/CH4 reforming. International Journal of Hydrogen Energy, 
39, 10927–10940.  
Li, S., Li, A., Krishnamoorthy, S., & Iglesia, E. (2001). Effects of Zn, Cu, and K 
promoters on the structure and on the reduction, carburization, and catalytic 
behavior of iron-based Fischer-Tropsch synthesis catalysts. Catalysis Letters, 
77(4), 197–205.  
Li, X., Ai, J., Li, W., & Li, D. (2010). Ni-Co bimetallic catalyst for CH4 reforming with 
CO2. Frontiers of Chemical Engineering in China, 4(4), 476–480.  
Li, Z., Kathiraser, Y., & Kawi, S. (2015b). Facile synthesis of high surface area yolk – 
shell Ni @ Ni embedded SiO2 via Ni phyllosilicate with enhanced performance for 
CO2 reforming of CH4. ChemCatChem, 7, 160–168. 
Linping, Q., Bin, Y., Supeng, P., Li, Z., Lin, Y., Jifang, C., Shik Chi, T., & Heyong, H. 
(2010). Reforming of CH4 with CO2 over Rh/H-Beta : Effect of rhodium 
dispersion on the catalytic activity and coke resistance. Chinese Journal of 
Chemistry, 28(10), 1864–1870. 
Liu, H., Li, Y., Wu, H., Miyake, T., & He, D. (2013). CO2 reforming of methane over 
Ni/SBA-15 prepared with β-cyclodextrin–Role of β-cyclodextrin in Ni dispersion 
and performance. International Journal of Hydrogen Energy, 38(35), 15200–
15209.  
Liu, H., Wang, H., Shen, J., Sun, Y., & Liu, Z. (2008). Promotion effect of cerium and 
lanthanum oxides on Ni/SBA-15 catalyst for ammonia decomposition. Catalysis 
Today, 131(1–4), 444–449.  
Liu, K., Deluga, G. D., Bitsch-larsen, A., Schmidt, L. D., & Zhang, L. (2010). Catalytic 
partial oxidatiom and autothermal reforming. In Hydrogen and syngas production 
and purification technologies (pp. 127–155). John Wiley & Sons. 
153 
Liu, Z.-W., Jun, K.-W., Roh, H.-S., & Park, S.-E. (2002). Hydrogen production for fuel 
cells through methane reforming at low temperatures. Journal of Power Sources, 
111(1), 283–287.  
Llewellyn, P. (1999). Adsorption by Ordered Mesoporous Materials. In Adsorption by 
powders and porous solids: principles, methodology and applications. 2
nd
 ed., pp. 
529–564. San Diego: Academic press.  
Lovell, E., Scott, J., & Amal, R. (2015). Ni-SiO2 catalysts for the carbon dioxide 
reforming of methane: varying support properties by flame spray pyrolysis. 
Molecules, 20(3), 4594–4609.  
Lucrédio, A. F., Jerkiewickz, G., & Assaf, E. M. (2007). Nickel catalysts promoted with 
cerium and lanthanum to reduce carbon formation in partial oxidation of methane 
reactions. Applied Catalysis A: General, 333(1), 90–95.  
Ma, Y., Qi, L., Ma, J., Wu, Y., Liu, O., & Cheng, H. (2003). Large-pore mesoporous 
silica spheres: Synthesis and application in HPLC. Colloids and Surfaces A: 
Physicochemical and Engineering Aspects, 229(1–3), 1–8.  
Machida, M., Kawamura, K., Ito, K., & Ikeue, K. (2005). Large-capacity oxygen 
storage by lanthanide oxysulfate /oxysulfide systems. Chemistry of Materials, 
17(6), 1487–1492. 
Mailly, D. (2009). Nanofabrication techniques. European Physical Journal: Special 
Topics, 172(1), 333–342.  
Majewski, A. J., & Wood, J. (2014). Tri-reforming of methane over Ni@SiO2 catalyst. 
International Journal of Hydrogen Energy, 39(24), 12578–12585.  
Martínez, M. L., Ponte, M. V, Beltramone, A. R., & Anunziata, O. A. (2014). Synthesis 
of ordered mesoporous SBA-3 materials using silica gel as silica source. Materials 
Letters, 134, 95–98.  
Martínez, R., Romero, E., Guimon, C., & Bilbao, R. (2004). CO2 reforming of methane 
over coprecipitated Ni-Al catalysts modified with lanthanum. Applied Catalysis A: 
General, 274(1–2), 139–149. 
Martra, G., Swaan, H. M., Mirodatos, C., Kermarec, M., & Louis, C. (1997). Sintering 
of Ni/SiO2 catalysts prepared by impregnation and deposition- precipitation during 
CO hydrogenation. Studies in Surface Science and Catalysis, 111, 617–624. 
Material Evaluation and Engineering Inc. (2014). Field emission SEM (FESEM). 
Retrieved October 18, 2016, from http://www.mee-inc.com/laboratory-
expertise/field-emission-sem-fesem/ 
154 
McFarland, E. (2012). Unconventional chemistry for unconventional natural gas. 
Science, 338(6105), 340–342.  
Mears, D. E. (1971). Tests for transport limitations in experimental catalytic reactors. 
Industrial and Engineering Chemistry - Process Design and Development, 10(4), 
541–547.  
Menon, S., Akbari, H., Mahanama, S., Sednev, I., & Levinson, R. (2010). Radiative 
forcing and temperature response to changes in urban albedos and associated CO2 
offsets. Environmental Research Letters, 5(1), 14005. 
Merey, S., & Sinayuc, C. (In press). Analysis of carbon dioxide sequestration in shale 
gas reservoirs by using experimental adsorption data and adsorption models. 
Journal of Natural Gas Science and Engineering. 
Meynen, V., Cool, P., & Vansant, E. F. (2009). Verified syntheses of mesoporous 
materials. Microporous and Mesoporous Materials, 125(3), 170–223. 
Modak, J. M. (2011). Haber process for ammonia synthesis. Resonance, 16(12), 1159–
1167.  
Monnier, A., Schuth, F., Huo, Q., Kumar, D., Margolese, D., Maxwell, R. S., Stucky, 
G.D., Krishnamurty, M., Petroff, P., Firouzi, A., Janicke, M., & Chmelka, B. F. 
(1993). Cooperative formation of inorganic-organic interfaces in the synthesis of 
silicate mesostructures. Science, 261, 1299–1393. 
Monshi, A. (2012). Modified Scherrer equation to estimate more accurately nano-
crystallite size using XRD. World Journal of Nano Science and Engineering, 2(3), 
154–160.  
Morales, F., & Weckhuysen, B. M. (2006). Promotion effects in Co-based Fischer-
Tropsch catalysis. Catalysis, 19, 1–32. 
Murzin, D. Y., & Tapio, S. (2016). Catalytic kinetics. 2
nd
 ed. Amsterdam, Netherlands: 
Elsevier. 
Myhre, G., Highwood, E. J., Shine, K. P., & Stordal, F. (1998). New estimates of 
radiative forcing due to well mixed greenhouse gases. Geophysical Research 
Letters, 25(14), 2715–2718. 
Naeem, M. A., Al-Fatesh, A. S., Fakeeha, A. H., & Abasaeed, A. E. (2014). Hydrogen 
production from methane dry reforming over nickel-based nanocatalysts using 
surfactant-assisted or polyol method. International Journal of Hydrogen Energy, 
39(30), 17009–17023.  
 
155 
Nagaoka, K. (2001). Titania supported ruthenium as a coking-resistant catalyst for high 
pressure dry reforming of methane. Catalysis Communications, 2(8), 255–260. 
Nagaraja, B. M., Bulushev, D. A., Beloshapkin, S., Chansai, S., & Ross, J. R. H. 
(2013). Potassium-doped Ni-MgO-ZrO2 catalysts for dry reforming of methane to 
synthesis gas. Topics in Catalysis, 56(18–20), 1686–1694. 
Nair, M. M., & Kaliaguine, S. (2016). Structured catalysts for dry reforming of 
methane. New Journal of Chemistry, 40(5), 4049–4060. 
Nam, S., Kishan, G., Lee, M., Choi, M., & Lee, K. (2000). Effect of lanthanum loading 
in Fe-K/La-Al2O3 catalysts for CO2 hydrogenation to hydrocarbons. Applied 
Organometallic Chemistry, 14, 794–798. 
Natesakhawat, S., Watson, R. B., Wang, X., & Ozkan, U. S. (2005a). Deactivation 
characteristics of lanthanide-promoted sol-gel Ni/Al2O3 catalysts in propane steam 
reforming. Journal of Catalysis, 234(2), 496–508. 
Natesakhawat, S., Oktar, O., & Ozkan, U. S. (2005). Effect of lanthanide promotion on 
catalytic performance of sol-gel Ni/Al2O3 catalysts in steam reforming of propane. 
Journal of Molecular Catalysis A: Chemical, 241(1–2), 133–146. 
Nematollahi, B., Rezaei, M., & Khajenoori, M. (2011). Combined dry reforming and 
partial oxidation of methane to synthesis gas on noble metal catalysts. 
International Journal of Hydrogen Energy, 36(4), 2969–2978. 
Ni, J., Chen, L., Lin, J., & Kawi, S. (2012). Carbon deposition on borated alumina 
supported nano-sized Ni catalysts for dry reforming of CH4. Nano Energy, 1(5), 
674–686.  
Nikoo, M. K., & Amin, N. A. S. (2011). Thermodynamic analysis of carbon dioxide 
reforming of methane in view of solid carbon formation. Fuel Processing 
Technology, 92(3), 678–691.  
Noelker, K., & Johanning, J. (2010). Autothermal reforming : A flexible syngas route 
with future potential. Nitrogen & Syngas 2010 International Conference, (March), 
1–20. 
Oberthür, S., & Ott, E. (2001). The Kyoto Protocol: international climate policy for the 
21st century. Springer Science & Business Media. 
Odedairo, T., Chen, J., & Zhu, Z. (2013). Metal–support interface of a novel Ni–CeO2 
catalyst for dry reforming of methane. Catalysis Communications, 31, 25–31. 
 
156 
Oemar, U., Kathiraser, Y., Mo, L., Ho, X. K., & Kawi, S. (2016). CO2 reforming of 
methane over highly active La-promoted Ni supported on SBA-15 catalysts: 
mechanism and kinetic modelling. Catalysis Science & Technology, 6, 1173–1186.  
Osaki, T., Horiuchi, T., Sugiyama, T., Suzuki, K., & Mori, T. (1998). Catalysis of NiO-
Al2O3 aerogels for the CO2-reforming of CHF4. Catalysis Letters, 52(3), 171–180.  
Özkara-Aydınoğlu, Ş., & Aksoylu, A. E. (2010). Carbon dioxide reforming of methane 
over Co-X/ZrO2 catalysts (X = La, Ce, Mn, Mg, K). Catalysis Communications, 
11(15), 1165–1170.   
Özkara-Aydınoğlu, Ş., & Aksoylu, A. E. (2011). CO2 reforming of methane over Pt–
Ni/Al2O3 catalysts: Effects of catalyst composition, and water and oxygen addition 
to the feed. International Journal of Hydrogen Energy, 36(4), 2950–2959. 
Özkara-Aydinoǧlu, S., Özensoy, E., & Aksoylu, A. E. (2009). The effect of 
impregnation strategy on methane dry reforming activity of Ce promoted Pt/ZrO2. 
International Journal of Hydrogen Energy, 34(24), 9711–9722. 
Pakhare, D., & Spivey, J. (2014). A review of dry (CO2) reforming of methane over 
noble metal catalysts. Chem. Soc. Rev., 43, 7813–7837. 
Pantaleo, G., Parola, V. L., Deganello, F., Singha, R. K., Bal, R., & Venezia, A. M. 
(2016). Ni/CeO2 catalysts for methane partial oxidation: Synthesis driven 
structural and catalytic effects. Applied Catalysis B: Environmental, 189, 233–241. 
Patterson, A. L. (1939). The scherrer formula for X-ray particle size determination. 
Physical Review, 56(10), 978–982. 
Pawelec, B., Damyanova, S., Arishtirova, K., Fierro, J. L. G. L. G., & Petrov, L. (2007). 
Structural and surface features of PtNi catalysts for reforming of methane with 
CO2. Applied Catalysis A: General, 323, 188–201. 
Pechimuthu, N. A., Pant, K. K., & Dhingra, S. C. (2007). Deactivation studies over Ni-
K/CeO2-Al2O3 catalyst for dry reforming of methane. Industrial and Engineering 
Chemistry Research, 46(6), 1731–1736. 
Perera, J. S. H. ., Couves, J. W., Sankar, G., & Thomas, J. M. (1991). The catalytic 
activity of Ru and Ir supported on Eu2O3 for the reaction, CO2+CH4=2H2+2CO: a 
viable solar-thermal energy system. Catalysis Letters, 11, 219–225. 
Pérez-Mendoza, M., Gonzalez, J., Wright, P. A., & Seaton,  and N. A. (2004). 
Elucidation of the pore structure of SBA-2 using Monte Carlo simulation to 
interpret experimental data for the adsorption of light hydrocarbons. Langmuir, 
20(18), 7653–7658. 
157 
Poutsma, M. L., Elek, L. F., Ibarbia, P. A., Risch, A. P., & Rabo, J. A. (1978). Selective 
formation of methanol from synthesis gas over palladium catalysts. Journal of 
Catalysis, 52(1), 157–168.  
Prettre, M., Eichner, C., & Perrin, M. (1946). The catalytic oxidation of methane to 
carbon monoxide and hydrogen. Transactions of the Faraday Society, 42, 335–
339.  
Prieto, G., Martínez, A., Murciano, R., & Arribas, M. A. (2009). Cobalt supported on 
morphologically tailored SBA-15 mesostructures: The impact of pore length on 
metal dispersion and catalytic activity in the Fischer–Tropsch synthesis. Applied 
Catalysis A: General, 367(1–2), 146–156.  
Qian, L., Ma, Z., Ren, Y., Shi, H., Yue, B., Feng, S., Shen, J., & Xie, S. (2014). 
Investigation of La promotion mechanism on Ni/SBA-15 catalysts in CH4 
reforming with CO2. Fuel, 122, 47–53.  
Rabe, S., & Nachtegaal, M. (2007). Catalytic partial oxidation of methane to synthesis 
gas over a ruthenium catalyst : the role of the oxidation state. Physical Chemistry 
Chemical Physics, 9(12), 1461–1468. 
Rahemi, N., Haghighi, M., Babaluo, A. A., Allahyari, S., & Jafari, M. F. (2014). Syngas 
production from reforming of greenhouse gases CH4/CO2 over Ni–Cu/Al2O3 
nanocatalyst: Impregnated vs. plasma-treated catalyst. Energy Conversion and 
Management, 84, 50–59.  
Rahman, I. A., Vejayakumaran, P., Sipaut, C. S., Ismail, J., & Chee, C. K. (2009). Size-
dependent physicochemical and optical properties of silica 
nanoparticles. Materials Chemistry and Physics, 114(1), 328-332. 
Rahmat, N., Abdullah, A. Z., & Mohamed, A. R. (2010). A review: Mesoporous Santa 
Barbara amorphous-15, types, synthesis and its applications towards biorefinery 
production. American Journal of Applied Sciences, 7(12), 1579–1586. 
Rajesh, A., Raja, M. M., & Gurunathan, K. (2014). Spin-relaxation of NiO encapsulated 
Gd2O3 core-shell nanoparticles. Acta Metallurgica Sinica (English Letters), 27(2), 
253–258.  
Ramachandran, R., & Menon, R. K. (1998). An overview of industrial uses of 
hydrogen. International Journal of Hydrogen Energy, 23(7), 593–598. 
Reimer, L. (2000). Scanning Electron Microscopy: Physics of image formation and 
microanalysis, 2
nd
 ed.. Measurement Science and Technology, 11(12), 1826.  
Rezaei, M., Alavi, S. M., Sahebdelfar, S., Bai, P., Liu, X., & Yan, Z. F. (2008). CO2 
reforming of CH4 over nanocrystalline zirconia-supported nickel catalysts. Applied 
Catalysis B: Environmental, 77(3–4), 346–354.  
158 
Riahi, K., & Roehrl, R. A. (2000). Greenhouse gas emissions in a dynamics-as-usual 
scenario of economic and energy development. Technological Forecasting and 
Social Change, 63(2–3), 175–205. 
Richardson, J. T. (1989). Principles of catalyst development. 1
st
 ed. New York: Plenum 
Press. 
Richardson, J. T., Garrait, M., & Hung, J. K. (2003). Carbon dioxide reforming with Rh 
and Pt-Re catalysts dispersed on ceramic foam supports. Applied Catalysis A: 
General, 255(1), 69–82. 
Robertson, B. A. J. B., & Thnard, L. J. (1975). The Early History of Catalysis. Platinum 
Metals Rev., 19, 64–69. 
Roque-Malherbe, R. M. (2016). The Physical Chemistry of Materials: Energy and 
Environmental Applications. CRC press. 
Rostrup-Nielsen, J. R. (1994). Aspects of CO2-reforming of methane. Studies in Surface 
Science and Catalysis, 81, 25–41. 
Rostrup-Nielsen, J. R. (1997). Industrial relevance of coking. Catalysis Today, 37(3), 
225–232.  
Rostrup-Nielsen, J. R., & Rostrup-Nielsen, T. (2002). Large-scale hydrogen production. 
Cattech, 6(4), 150–159. 
Rouquerol, J., Avnir, D., Fairbridge, C. W., Everett, D. H., Haynes, J. H., Pernicone, 
N., Ramsay, J. D. F., Sing, K. S. W., & Unger, K. K. (1994). Recommendations 
for the characterization of porous solids. Pure and Applied Chemistry, 66(8), 
1739–1758.  
Roussière, T. L. (2013). Catalytic reforming of methane in the presence of CO2 and 
H2O at high pressure. PhD Thesis. Karlsruher Institut für Technologie (KIT). 
Ruckenstein, E. (1994). Sintering and catalytic implications. A surface thermodynamics 
approach. Studies in Surface Science and Catalysis, 88, 33–52. 
Ruckenstein, E., & Pulvermacher, B. (1973). Kinetics of crystallite sintering during 
heat treatment of supported metal catalysts. AIChE Journal, 19(2), 356–364. 
Ryi, S. K., Lee, S. W., Park, J. W., Oh, D. K., Park, J. S., & Kim, S. S. (2013). 
Combined steam and CO2 reforming of methane using catalytic nickel membrane 
for gas to liquid (GTL) process. Catalysis Today, 236, 49–56. 
 
159 
Ryoo, R., Ko, C. H., Kruk, M., Antochshuk, V., & Jaroniec, M. (2000). Block-
copolymer-templated ordered mesoporous silica:  Array of uniform mesopores or 
mesopore−micropore network? The Journal of Physical Chemistry B, 104(48), 
11465–11471. 
Sakamoto, Y., Kaneda, M., Terasaki, O., Zhao, D. Y., Kim, J. M., Stucky, G., Shin, H. 
J., & Ryoo, R. (2000). Direct imaging of the pores and cages of three-dimensional 
mesoporous materials. Nature, 408(6811), 449–453. 
Salhi, N., Boulahouache, A., Petit, C., Kiennemann, A., & Rabia, C. (2011). Steam 
reforming of methane to syngas over NiAl2O4 spinel catalysts. International 
Journal of Hydrogen Energy, 36(17), 11433–11439. 
Santos, P. S., Santos, H. S., & Toledo, S. P. (2000). Standard transition aluminas. 
Electron microscopy studies. Materials Research, 3(4), 104–114.  
Saraswat, S. K., & Pant, K. K. (2013). Synthesis of carbon nanotubes by thermo 
catalytic decomposition of methane over Cu and Zn promoted Ni/MCM-22 
catalyst. Journal of Environmental Chemical Engineering, 1(4), 746–754.  
Sayari, A., Han, B. H., & Yang, Y. (2004). Simple synthesis route to monodispersed 
SBA-15 silica rods. Journal of the American Chemical Society, 126(44), 14348–
14349.  
Schmidt, H., Alterskjær, K., Bou Karam, D., Boucher, O., Jones, A., Kristjánsson, J. E., 
… Lawrence, M. (2012). Solar irradiance reduction to counteract radiative forcing 
from a quadrupling of CO2: Climate responses simulated by four earth system 
models. Earth System Dynamics, 3(1), 63–78. 
Schumacher, K., Grun, M., & Unger, K. K. (1999). Novel synthesis of spherical MCM-
48. Microporous and Mesoporous Materials, 27(2–3), 201–206.  
Schumacher, K., Ravikovitch, P. I., Chesne, A. D., Neimark, A. V, & Unger, K. K. 
(2000). Characterization of MCM-48 materials. Langmuir, 16(8), 4648–4654. 
Schwiedernoch, R., Tischer, S., Correa, C., & Deutschmann, O. (2003). Experimental 
and numerical study on the transient behavior of partial oxidation of methane in a 
catalytic monolith. Chemical Engineering Science, 58(3–6), 633–642. 
Sehested, J., Gelten, J. A. P., Remediakis, I. N., Bengaard, H., & Nørskov, J. K. (2004). 
Sintering of nickel steam-reforming catalysts: Effects of temperature and steam 
and hydrogen pressures. Journal of Catalysis, 223(2), 432–443. 
Selvarajah, K., Phuc, N. H. ., Abdullah, B., Alenazey, F., & Vo, D.-V. N. (2016). 
Syngas production from methane dry reforming over Ni/Al2O3 catalyst. Research 
on Chemical Intermediates, 42(1), 269–288. 
160 
Serrano-Lotina, A., & Daza, L. (2014). Influence of the operating parameters over dry 
reforming of methane. International Journal of Hydrogen Energy, 39, 4089–4094. 
Shackelford, J. F., & Doremus, R. H. (2008). Ceramic and glass materials: Structure, 
properties and processing. 1
st
 ed. New  York: Springer.  
Shebanova, O. N., & Lazor, P. (2003). Raman spectroscopic study of magnetite 
(FeFe2O4): a new assignment for the vibrational spectrum. Journal of Solid State 
Chemistry, 174(2), 424–430. 
Shinoda, T., Izumi, Y., & Onaka, M. (1995). FSM-16: a recyclable mesoporous acid 
promoter for meso-tetraarylporphyrin synthesis. Journal of the Chemical Society, 
Chemical Communications, 12(17), 1801. 
Shishido, T., Yamamoto, Y., Morioka, H., Takaki, K., & Takehira, K. (2004). Active 
Cu/ZnO and Cu/ZnO/Al2O3 catalysts prepared by homogeneous precipitation 
method in steam reforming of methanol. Applied Catalysis A: General, 263(2), 
249–253. 
Si, J., Liu, G., Liu, J., Zhao, L., Li, S., Guan, Y., & Liu, Y. (2016). Ni nanoparticles 
highly dispersed on ZrO2 and modified with La2O3 for CO methanation. RSC Adv., 
6(15), 12699–12707. 
Sierens, R., & Rosseel, E. (2000). Variable composition hydrogen/natural gas mixtures 
for increased engine efficiency and decreased emissions. Journal of Engineering 
for Gas Turbines and Power, 122(1), 135-140. 
Siew, K. W., Lee, H. C., Gimbun, J., & Cheng, C. K. (2014a). Characterization of La-
promoted Ni/Al2O3 catalysts for hydrogen production from glycerol dry reforming. 
Journal of Energy Chemistry, 23(1), 15–21. 
Siew, K. W., Lee, H. C., Gimbun, J., & Cheng, C. K. (2014b). Production of CO-rich 
hydrogen gas from glycerol dry reforming over La-promoted Ni/Al2O3 catalyst. 
International Journal of Hydrogen Energy, 39(13), 6927–6936. 
Siew, K. W., Lee, H. C., Gimbun, J., Chin, S. Y., Khan, M. R., Taufiq-Yap, Y. H., & 
Cheng, C. K. (2015). Syngas production from glycerol-dry(CO2) reforming over 
La-promoted Ni/Al2O3 catalyst. Renewable Energy, 74(3), 441–447. 
Siminiceanu, I., Lazau, I., Ecsedi, Z., Lupa, L., & Burciag, C. (2008). Textural 
characterization of a new iron-based ammonia synthesis catalyst. Chemical 
Bulletin of “POLITEHNICA" Univ, 53(67), 1–2. 
Singh, P. S. (2008). High surface area nanoporous amorphous silica prepared by 
dodecanol assisted silica formate sol-gel approach. Journal of Colloid and 
Interface Science, 325(1), 207–214.  
161 
Slagtern, A., Schuurman, Y., Leclercq, C., Verykios, X., & Mirodatos, C. (1997). 
Specific features concerning the mechanism of methane reforming by carbon 
dioxide over Ni/La2O3 catalyst. Journal of Catalysis, 172(1), 118–126. 
Solh, T. El, Jarosch, K., & de Lasa, H. (2003). Catalytic dry reforming of methane in a 
CREC riser simulator kinetic modeling and model discrimination. Industrial & 
Engineering Chemistry Research, 42(12), 2507–2515. 
Souza, G. de, Marcilio, N. R., & Perez-Lopez, O. W. (2014). Dry reforming of methane 
at moderate temperatures over modified Co-Al Co-precipitated catalysts. Materials 
Research, 17(4), 1047–1055.  
Stagg-Williams, S. M., Noronha, F. B., Fendley, G., & Resasco, D. E. (2000). CO2 
reforming of CH4 over Pt/ZrO2 catalysts promoted with La and Ce oxides. Journal 
of Catalysis, 194(2), 240–249. 
Steinhauer, B., Kasireddy, M. R., Radnik, J., & Martin, A. (2009). Development of Ni-
Pd bimetallic catalysts for the utilization of carbon dioxide and methane by dry 
reforming. Applied Catalysis A: General, 366(2), 333–341. 
Stevens, W. J. J., Lebeau, K., Mertens, M., Van Tendeloo, G., Cool, P., & Vansant, E. 
F. (2006). Investigation of the morphology of the mesoporous SBA-16 and SBA-
15 materials. Journal of Physical Chemistry B, 110(18), 9183–9187. 
Stöber, W., Fink, A., & Bohn, E. (1968). Controlled growth of monodisperse silica 
spheres in the micron size range. Journal of Colloid and Interface Science, 26(1), 
62–69.  
Stucky, G. D., Monnier, A., Schüth, F., Huo, Q., Margolese, D., Kumar, D., 
Krishnamurty, M., Petroff, P., Firouzi, A., Janicke, M., & Chmelka, B. F. (1994). 
Molecular and atomic arrays in nano- and mesoporous materials synthesis. 
Molecular Crystals and Liquid Crystals Science and Technology. Section A. 
Molecular Crystals and Liquid Crystals, 240(1), 187–200. 
Subramanian, V., Jeong, D.-W., Han, W.-B., Jang, W.-J., Shim, J.-O., Bae, J. W., & 
Roh, H.-S. (2014). Rapid synthesis of magnetite catalysts incorporated with M 
(Cu, Ni, Zn, and Co) promoters for high temperature water gas shift reaction. New 
J. Chem., 38(10), 4872–4878.  
Sun, J., Zhang, H., Tian, R., Ma, D., Bao, X., Su, D. S., & Zou, H. (2006). Ultrafast 
enzyme immobilization over large-pore nanoscale mesoporous silica particles. 
Chem. Commun., (12), 1322–1324. 
Sutthiumporn, K., & Kawi, S. (2011). Promotional effect of alkaline earth over Ni–
La2O3 catalyst for CO2 reforming of CH4: Role of surface oxygen species on H2 
production and carbon suppression. International Journal of Hydrogen Energy, 
36(22), 14435–14446.  
162 
Takanabe, K., Nagaoka, K., Nariai, K., & Aika, K. (2005). Titania-supported cobalt and 
nickel bimetallic catalysts for carbon dioxide reforming of methane. Journal of 
Catalysis, 232(2), 268–275.  
The Linde group. (2017). Industrial gases: steam reforming (online). Retrieved 9 
January 2017, from: 
http://www.lindeusengineering.com/en/process_plants/hydrogen_and_synthesis_g
as_plants/gas_generation/steam_reforming/index.html 
The Linde group. (2016). Industrial gases: Partial Oxidation (online). Retrieved 23 
June 2016, from: 
http://www.lindeusengineering.com/en/process_plants/hydrogen_and_synthesis_g
as_plants/gas_generation/partial_oxidation/index.html. 
Theofanidis, S. A., Galvita, V. V., Poelman, H., & Marin, G. B. (2015). Enhanced 
carbon-resistant dry reforming Fe-Ni catalyst: Role of Fe. ACS Catalysis, 5(5), 
3028–3039.  
Therdthianwong, S., Siangchin, C., & Therdthianwong, A. (2008). Improvement of 
coke resistance of Ni/Al2O3 catalyst in CH4/CO2 reforming by ZrO2 addition. Fuel 
Processing Technology, 89(2), 160–168.  
Tomer, V. K., & Duhan, S. (2015). In-situ synthesis of SnO2/SBA-15 hybrid 
nanocomposite as highly efficient humidity sensor. Sensors and Actuators B: 
Chemical, 212, 517–525. 
Tomishige, K., Kanazawa, S., Sato, M., Ikushima, K., & Kunimori, K. (2002). Catalyst 
design of Pt-modified Ni/Al2O3 catalyst with flat temperature profile in methane 
reforming with CO2 and O2. Catalysis Letters, 84(1–2), 69–74. 
Topsøe, H., Dumesic, J. A., & Boudart, M. (1973). Alumina as a textural promoter of 
iron synthetic ammonia catalysts. Journal of Catalysis, 28(3), 477–488.  
Trambouze, P., & Euzen, J. P. (2004). Chemical reactors. Editions Ophrys. Paris, 
France. 
Tsyganok, A. I., Inaba, M., Tsunoda, T., Hamakawa, S., Suzuki, K., & Hayakawa, T. 
(2003). Dry reforming of methane over supported noble metals: a novel approach 
to preparing catalysts. Catalysis Communications, 4(9), 493–498. 
Urasaki, K., Tokunaga, K., Sekine, Y., Matsukata, M., & Kikuchi, E. (2008). 
Production of hydrogen by steam reforming of ethanol over cobalt and nickel 
catalysts supported on perovskite-type oxides. Catalysis Communications, 9(5), 
600–604. 
163 
Usman, M., Wan Daud, W. M. A., & Abbas, H. F. (2015). Dry reforming of methane: 
Influence of process parameters—A review. Renewable and Sustainable Energy 
Reviews, 45, 710–744.  
Van de Loosdrecht, J., & Niemantsverdriet, J. H. (2013). Synthesis gas to hydrogen, 
methanol, and synthetic fuels. In Chemical energy storage. De Gruyter Texbook, 
Berlin, Germany. 
Vartuli, J. C., Schmitt, K. D., Kresge, C. T., Roth, W. J., Leonowicz, M. E., McCullen, 
S. B., Hellring, S.D., Beck, J.S., & Schlenker, J. L. (1994). Effect of 
surfactant/silica molar ratios on the formation of mesoporous molecular sieves: 
Inorganic mimicry of surfactant liquid-crystal phases and mechanistic 
implications. Chemistry of Materials, 6(12), 2317–2326. 
Vo, D.-V. N., Arcotumapathy, V., Abdullah, B., & Adesina, A. A. (2013). Evaluation 
of Ba-promoted Mo carbide catalyst for Fischer-Tropsch synthesis. Journal of 
Chemical Technology and Biotechnology, 88(7), 1358–1363. 
Vogelaar, B. M., van Langeveld, A. D., Eijsbouts, S., & Moulijn, J. A. (2007). Analysis 
of coke deposition profiles in commercial spent hydroprocessing catalysts using 
Raman spectroscopy. Fuel, 86(7–8), 1122–1129.  
Vosloo, A. C. (2001). Fischer-Tropsch: A futuristic view. Fuel Processing Technology, 
71, 149–155.  
W. Whitmore, N. (2007). Greenhouse Gas Catalytic Reforming To Syngas. MSc 
Thesis. Columbia University, New York city. 
Wan, H., Li, X., Ji, S., Huang, B., Wang, K., & Li, C. (2007). Effect of Ni loading and 
CexZr1-xO2 promoter on Ni-based SBA-15 catalysts for steam reforming of 
methane. Journal of Natural Gas Chemistry, 16(2), 139–147. 
Wang, H., Fang, Y., Liu, Y., & Bai, X. (2012a). Perovskite LaFeO3 supported bi-metal 
catalyst for syngas methanation. Journal of Natural Gas Chemistry, 21(6), 745–
752. 
Wang, H. Y., & Ruckenstein, E. (1999). Catalytic partial oxidation of methane to 
synthesis gas over γ-Al2O3-supported rhodium catalysts. Catalysis Letters, 59(2–
4), 121–127.  
Wang, J., Fang, L., Cheng, F., Duan, X., & Chen, R. (2013a). Hydrothermal synthesis 
of SBA-15 using sodium silicate derived from coal gangue. Journal of 
Nanomaterials, 2013, 6.  
Wang, J., Ge, H., & Bao, W. (2015). Synthesis and characteristics of SBA-15 with thick 
pore wall and high hydrothermal stability. Materials Letters, 145, 312–315. 
164 
Wang, L., Chen, J., Watanabe, H., Xu, Y., Tamura, M., Nakagawa, Y., & Tomishige, 
K. (2014a). Catalytic performance and characterization of Co-Fe bcc alloy 
nanoparticles prepared from hydrotalcite-like precursors in the steam gasification 
of biomass-derived tar. Applied Catalysis B: Environmental, 160–161(1), 701–
715.  
Wang, L., Li, D., Koike, M., Koso, S., Nakagawa, Y., Xu, Y., & Tomishige, K. (2011). 
Catalytic performance and characterization of Ni-Fe catalysts for the steam 
reforming of tar from biomass pyrolysis to synthesis gas. Applied Catalysis A: 
General, 392(1–2), 248–255.  
Wang, L., & Yang, R. T. (2011). Increasing selective CO2 adsorption on amine-grafted 
SBA-15 by increasing silanol density. Journal of Physical Chemistry C, 115(43), 
21264–21272.  
Wang, N., Chu, W., Zhang, T., & Zhao, X. S. (2012). Synthesis, characterization and 
catalytic performances of Ce-SBA-15 supported nickel catalysts for methane dry 
reforming to hydrogen and syngas. International Journal of Hydrogen Energy, 
37(1), 19–30.  
Wang, N., Yu, X., Shen, K., Chu, W., & Qian, W. (2013b). Synthesis, characterization 
and catalytic performance of MgO-coated Ni/SBA-15 catalysts for methane dry 
reforming to syngas and hydrogen. International Journal of Hydrogen Energy, 
38(23), 9718–9731. 
Wang, S., & Lu, G. Q. (1998). Role of CeO2 in Ni/CeO2-Al2O3 catalysts for carbon 
dioxide reforming of methane. Applied Catalysis B: Environmental, 19(3–4), 267–
277. 
Wang, S., & Lu, G. Q. (2000). Effects of promoters on catalytic activity and carbon 
deposition of Ni/ϒ-Al2O3 catalysts in CO2 reforming of CH4. Journal of Chemical 
Technology and Biotechnology, 75(7), 589–595. 
Wang, S., Lu, G. Q. (Max), & Millar, G. J. (1996). Carbon dioxide reforming of 
methane to produce synthesis gas over metal-supported catalysts: State of the art. 
Energy & Fuels, 10(4), 896–904. 
Wang, Y., Noguchi, M., Takahashi, Y., & Ohtsuka, Y. (2001). Synthesis of SBA-15 
with different pore sizes and the utilization as supports of high loading of cobalt 
catalysts. Catalysis Today, 68(1–3), 3–9. 
Wang, Y., Peng, J., Zhou, C., Lim, Z. Y., Wu, C., Ye, S., & Wang, W. G. (2014b). 
Effect of Pr addition on the properties of Ni/Al2O3 catalysts with an application in 




Wefers, K., & Misra, C. (1987). Oxides and hydroxides of aluminum. Alcoa Technical 
Paper, 19, 1–100. 
Widegren, J. A., & Finke, R. G. (2003). A review of the problem of distinguishing true 
homogeneous catalysis from soluble or other metal-particle heterogeneous 
catalysis under reducing conditions. Journal of Molecular Catalysis A: Chemical, 
198(1–2), 317–341. 
Wisniak, J. (2010). The History of Catalysis – From the Beginning to Nobel Prizes. 
Educación Química, 21, 60–69. 
Wolf, D., Buyevskaya, O. V, & Baerns, M. (2000). An evolutionary approach in the 
combinatorial selection and optimization of catalytic materials. Applied Catalysis 
A: General, 200(1–2), 63–77. 
Wolfbeisser, A., Sophiphun, O., Bernardi, J., Wittayakun, J., Föttinger, K., & 
Rupprechter, G. (2016). Methane dry reforming over ceria-zirconia supported Ni 
catalysts. Catalysis Today, 277, 234–245  
Wu, H., Pantaleo, G., La Parola, V., Venezia, A. M., Collard, X., Aprile, C., & Liotta, 
L. F. (2014). Bi- and trimetallic Ni catalysts over Al2O3 and Al2O3-MOx (M=Ce or 
Mg) oxides for methane dry reforming: Au and Pt additive effects. Applied 
Catalysis B: Environmental, 156–157, 350–361.  
Wynblatt, P., & Gjostein, N. A. (1975). Supported metal crystallites. Progress in Solid 
State Chemistry, 9, 21–58. 
Xu, J., Zhou, W., Li, Z., Wang, J., & Ma, J. (2010). Biogas reforming for hydrogen 
production over a Ni-Co bimetallic catalyst: Effect of operating conditions. 
International Journal of Hydrogen Energy, 35(23), 13013–13020. 
Xu, J., Zhou, W., Wang, J., LI, Z., & Ma, J. (2009). Characterization and analysis of 
carbon deposited during the dry reforming of methane over Ni/La2O3/Al2O3 
catalysts. Chinese Journal of Catalysis, 30(11), 1076–1084. 
Yamauchi, Y., & Kuroda, K. (2008). Rational design of mesoporous metals and related 
nanomaterials by a soft-template approach. Chemistry - An Asian Journal, 3(4), 
664–676.  
Yanagisawa, T., Shimizu, T., Kuroda, K., & Kato, C. (1990). The preparation of 
alkyltriinethylaininonium-kaneinite complexes and their conversion to 
microporous materials. Bulletin of the Chemical Society of Japan, 63(4), 988–992. 
Yang, R., Xing, C., Lv, C., Shi, L., & Tsubaki, N. (2010). Promotional effect of La2O3 
and CeO2 on Ni/γ-Al2O3 catalysts for CO2 reforming of CH4. Applied Catalysis A: 
General, 385(1–2), 92–100. 
166 
Yao, M. H., Baird, R. J., Kunz, F. W., & Hoost, T. E. (1997). An XRD and TEM 
investigation of the structure of alumina-supported ceria-zirconia. Journal of 
Catalysis, 166(1), 67–74. 
Yasyerli, S., Filizgok, S., Arbag, H., Yasyerli, N., & Dogu, G. (2011). Ru incorporated 
Ni-MCM-41 mesoporous catalysts for dry reforming of methane: Effects of Mg 
addition, feed composition and temperature. International Journal of Hydrogen 
Energy, 36(8), 4863–4874. 
York, A. P. E., Xiao, T., & Green, M. L. H. (2003). Brief overview of the partial 
oxidation of methane to synthesis gas. Topics in Catalysis, 22, 345–358. 
York, A. P. E., Xiao, T., Green, M. L. H., & Claridge, J. B. (2007). Methane 
oxyforming for synthesis gas production. Catalysis Reviews, 49(4), 511–560. 
Yu, C., Fan, J., Tian, B., & Zhao, D. (2004). Morphology development of mesoporous 
materials: A colloidal phase separation mechanism. Chemistry of Materials, 16(5), 
889–898. 
Yu, M., Zhu, Y.-A., Lu, Y., Tong, G., Zhu, K., & Zhou, X. (2015). The promoting role 
of Ag in Ni-CeO2 catalyzed CH4-CO2 dry reforming reaction. Applied Catalysis B: 
Environmental, 165, 43–56. 
Zdravkov, B. D., Čermák, J. J., Šefara, M., & Janků, J. (2007). Pore classification in the 
characterization of porous materials: A perspective. Central European Journal of 
Chemistry, 5(4), 1158–1158. 
Zhang, D., Duan, A., Zhao, Z., Wang, X., Jiang, G., Liu, J., Wang, C., & Jin, M. 
(2011). Synthesis, characterization and catalytic performance of meso-
microporous material Beta-SBA-15-supported NiMo catalysts for 
hydrodesulfurization of dibenzothiophene. Catalysis Today, 175(1), 477–484. 
Zhang, H., Li, M., Xiao, P., Liu, D., & Zou, C. J. (2013a). Structure and catalytic 
performance of Mg-SBA-15-supported nickel catalysts for CO2 reforming of 
methane to syngas. Chemical Engineering & Technology, 36(10), 1701–1707. 
Zhang, H., Sun, J., Ma, D., Bao, X., Klein-Hoffmann, A., Weinberg, G., Su, D., & 
Schlögl, R. (2004). Unusual mesoporous SBA-15 with parallel channels running 
along the short axis. Journal of the American Chemical Society, 126(24), 7440–
7441. 
Zhang, J., Wang, H., & Dalai, A. K. (2007). Development of stable bimetallic catalysts 
for carbon dioxide reforming of methane. Journal of Catalysis, 249(2), 300–310. 
Zhang, J., Wang, H., & Dalai, A. K. (2008a). Effects of metal content on activity and 
stability of Ni-Co bimetallic catalysts for CO2 reforming of CH4. Applied Catalysis 
A: General, 339(2), 121–129.  
167 
Zhang, K., Kogelschatz, U., & Eliasson, B. (2001). Conversion of greenhouse gases to 
synthesis gas and higher hydrocarbons. Energy & Fuels, 15, 395–402. 
Zhang, S., Muratsugu, S., Ishiguro, N., & Tada, M. (2013b). Ceria-doped Ni/SBA-16 
catalysts for dry reforming of methane. ACS Catalysis, 3(8), 1855–1864.  
Zhang, Z. L., Tsipouriari, V. A., Efstathiou, A. M., & Verykios, X. E. (1996). 
Reforming of methane with carbon dioxide to synthesis gas over supported 
rhodium catalysts: I. Effects of support and metal crystallite size on reaction 
activity and deactivation characteristics. Journal of Catalysis, 158(1), 51–63.  
Zhang, Z., Qu, J., & Zeng, J. (2008b). A quantitative comparison and analysis on the 
assessment indicators of greenhouse gases emission. Journal of Geographical 
Sciences, 18(4), 387–399.  
Zhang, Z., & Verykios, X. E. (1996). Carbon dioxide reforming of methane to synthesis 
gas over Ni/La2O3 catalysts. Applied Catalysis A: General, 138(1), 109–133.  
Zhao, D., Feng, J., Huo, Q., Melosh, N., Fredrickson, G. H., Chmelka, B. F., & Stucky, 
G. D. (1998a). Triblock copolymer syntheses of mesoporous silica with periodic 
50 to 300 Angstrom pores. Science, 279(5350), 548–552.  
Zhao, D., Huo, Q., Feng, J., Chmelka, B. F., & Stucky, G. D. (1998b). Nonionic 
triblock and star diblock copolymer and oligomeric surfactant syntheses of highly 
ordered, hydrothermally stable, mesoporous silica structures. J. Am. Chem. Soc., 
120(24), 6024–6036. 
Zhao, D., Sun, J., Li, Q., Stucky, G. D., & Barbara, S. (2000). Morphological Control of 
Highly Ordered Mesoporous Silica SBA-15. Chemistry of Materials, 12(2), 275–
279. 
Zhu, Q., Zhao, X., & Deng, Y. (2004). Advances in the Partial Oxidation of Methane to 
Synthesis Gas. Journal of Natural Gas Chemistry, 13, 191–203 
Zhu, J., Peng, X., Yao, L., Shen, J., Tong, D., & Hu, C. (2011). The promoting effect of 
La, Mg, Co and Zn on the activity and stability of Ni/SiO2 catalyst for CO2 
reforming of methane. International Journal of Hydrogen Energy, 36(12), 7094–
7104.  
Zukal, A., Mayerova, J., & Cejka, J. (2010). Alkali metal cation doped Al-SBA-15 for 
carbon dioxide adsorption. Physical Chemistry Chemical Physics, 12, 5240–5247. 
